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METHOD FOR PRODUCING AN ANNULAR 
HONEYCOMB BODY, AND ANNULAR 

HONEYCOMB BODY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation, under 35 U.S.C. § 120, of copending 
International Application No. PCT/EP2006/ 008758, ?led 
Sep. 8, 2006, Which designated the United States; this appli 
cation also claims the priority, under 35 U.S.C. §119, of 
German Patent Application DE 10 2005 043 196.8, ?led Sep. 
9, 2005; the prior applications are hereWith incorporated by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for producing an 

annular honeycomb body, and an annular honeycomb body. 
Honeycomb bodies of that type are preferably used in exhaust 
systems of internal combustion engines, inparticular in motor 
vehicles, Water vehicles and/or aircraft, for example as a 
catalyst carrier body and/or particle ?lter. 

In many countries, the emissions of internal combustion 
engines must adhere to legal limit values, for example in such 
a Way that the emitted quantity of a certain exhaust gas com 
ponent may not exceed a limit value. For many of those limit 
values, exhaust-gas treatment is necessary. For that purpose, 
the exhaust gas of the internal combustion engine is, for 
example, conducted through a catalyst carrier body and/ or a 
particle ?lter Which is set up in such a Way that a reduction in 
the proportion of the exhaust-gas component in the exhaust 
gas takes place. That can take place, for example, by provid 
ing a catalytically active coating, Which for example includes 
active noble metals, on a honeycomb body. 

It can be advantageous to use an annular honeycomb body, 
depending on the available installation space for components 
for exhaust-gas treatment. It can, for example, be advanta 
geous to split up an exhaust-gas How and subject each partial 
How to a separate treatment. That can occur, for example, in 
such a Way that a ?rst partial ?oW ?oWs through an annular, 
for example circular-ring-shaped ?rst honeycomb body and a 
second partial ?oW ?oWs through a second honeycomb body 
Which is, for example, situated in the interior of the circular 
ring-shaped ?rst honeycomb body. 

Annular carrier bodies are basically knoWn. For example, 
European Patent EP 0 245 736 B1 discloses an annular hon 
eycomb body With a plurality of layers, Which run in an 
involute fashion, betWeen an inner and an outer casing tube. A 
method for producing a honeycomb body of that type is 
knoWn from European Patent EP 0 322 566 B1 in Which a 
plurality of layers is fastened, using a complex process, to an 
inner tube, to one another and to an outer tube. German 
Published, Non-Prosecuted Patent Application DE 23 21 378 
A1, corresponding to US. Pat. Nos. 3,857,680 and 3,890, 
104, discloses an annular honeycomb body Which is produced 
from a smooth sheet metal strip that is folded and is connected 
to an inner and an outer casing tube. A honeycomb body of 
that type has an insu?icient surface area, With respect to the 
volume and the annular cross section, Which can be provided 
With a catalytically active substance. For example, for a given 
annular cross section, a relatively large-volume honeycomb 
body must be produced in order to provide a certain surface 
area, for example for a catalytically active coating. Interna 
tional Application No. WO 94/01661 A1, corresponding to 
US. Pat. Nos. 5,464,679; 5,608,968; and 5,785,931, in turn 
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2 
discloses a production method in Which a smooth layer and a 
corrugated layer are Wound in a circular ring shape, then 
deformed from the outside inWard at least at three lines, and 
the resulting star-like structure is then tWisted in the same 
direction. In order to separate corrugated layers Which Would 
otherWise bear against one another, it is proposed therein to 
insert at least one smooth layer section betWeen the corru 
gated layers. That results in increased material expenditure. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
method for producing an annular honeycomb body and an 
annular honeycomb body, Which overcome the hereinafore 
mentioned disadvantages of the heretofore-known methods 
and devices of this general type and in Which the method can 
be carried out in a simple manner With loW material expen 
diture With the annular honeycomb body having a suf?ciently 
large surface area per unit volume of the honeycomb body and 
per unit annular cross section. 

With the foregoing and other objects in vieW there is pro 
vided, in accordance With the invention, a method for produc 
ing a honeycomb body. The method comprises providing at 
least one metallic layer With alternating substantially smooth 
and structured sections, folding the sections of each metallic 
layer onto one another, fastening the at least one metallic 
layer at least at one fastening point to an outer casing tube and 
forming the honeycomb body from the at least one metallic 
layer With an annular radial partial region having channels 
through Which a ?uid can ?oW. 
An annular partial region is to be understood to mean a 

partial region Which is surrounded at the outside by an outer 
delimiting line Which, in the interior, has an open region, that 
is to say a region not provided With channels, Which is sur 
rounded by an inner delimiting line, With the outer and the 
inner delimiting lines preferably running substantially paral 
lel to one another, in particular not intersecting one another. 
The delimiting lines can, in particular, have the geometric 
shape of a circle, an ellipse, a rectangle in Which tWo opposite 
sides are replaced With corresponding semi-circles, and/or a 
polygon. In this case, an annular region is to be understood in 
particular to mean a circular-ring-shaped region. 

Alternating means, in particular, that a substantially 
smooth section, Which does not delimit the layer, has struc 
tured sections adjacent at both sides. Likewise, this means, in 
particular, that a structured section, Which does not delimit 
the layer, has tWo adjacent substantially smooth sections. A 
structured section has structures Which later at least partially 
form the Walls of the channels. A structure is meant in par 
ticular, Which has a structure amplitude and a structure repeat 
length. A substantially smooth section is to be understood to 
mean a section Which is smooth, that is to say is deformed 
only during the folding and tWisting and/or Winding process, 
or else Which has only microstructures With a structure ampli 
tude that is smaller than the structure amplitude of the struc 
tured sections. The microstructures can, in particular, be 
aligned in such a Way that, in the ?nished honeycomb body, 
the direction in Which the microstructures extend and the 
direction in Which the structures of the structured sections 
extend are not the same. 

The structures, in particular, include corrugations. The cor 
rugations can, in particular, be formed by a corrugated roller, 
but according to the invention it is, for example, also possible 
for embossing methods to be used to form the structures in the 
corresponding sections of the layer. The layer preferably 
includes a plurality of sections. The honeycomb body is pref 



US 8,075,978 B2 
3 

erably formed from one to six layers. The formation from a 
single layer is particularly preferable in this case. 
A metallic layer is to be understood, in particular, to mean 

a thin metallic foil, preferably With a thickness of 80 
micrometers (pm) or less, particularly preferably With a thick 
ness of30 to 60 um or also 40 to 50 pm or even of 25 pm or 

less. It is also possible for a metallic layer to be formed 
completely or partially from a metallic material through 
Which a ?uid can at least partially How and, in particular, is 
porous. In this case, the layer can, in particular, be formed at 
least partially from a porous metallic ?brous and/or sintered 
material. It is basically preferable for the metallic layer to be 
formed from a high-temperature-resistant, corrosion-resis 
tant material Which is suitable, in particular, for withstanding 
the conditions, for example the high temperatures, in the 
exhaust system of internal combustion engines, preferably 
also in applications close to the engine. 
As a result of the connection of the at least one layer to the 

outer casing tube at least at one fastening point, a ?xed con 
nection betWeen the layer and the outer casing tube is created, 
in particular When a plurality of fastening points is provided. 
It is possible, in particular, to dispense With an inner casing 
tube to Which the layer is connected. In this case, a fastening 
point is to be understood to mean a punctiform connection, 
but also an areal connection. In particular, a connection is 
provided at least in one partial region of the layer, Which bears 
against the outer casing tube. 

The connection takes place, in particular, through the use 
of material joining processes, for example a braZing and/or 
Welding process. In this case, a braZing process is to be 
understood, in particular, to mean a high-temperature vacuum 
braZing process. Alternatively or in addition, a force-locking 
and/or form-locking connection to the outer casing tube is 
also possible and encompassed by the invention, in particular 
also a self-locking connection. A connection of that type, 
based on mechanical latching, can also advantageously be 
used betWeen the sections of the layer or betWeen adjacent 
layers. A force-locking connection is one Which connects tWo 
elements together by force external to the elements, as 
opposed to a form-locking connection Which is provided by 
the shapes of the elements themselves. 

In comparison With annular honeycomb bodies knoWn 
from the prior art, the honeycomb body according to the 
invention, produced according to the invention, has a large 
available surface area, for example for a coating, per unit 
annular cross section and/or per unit volume of the honey 
comb body. In comparison With production methods in Which 
an intermediate layer, for example as a smooth layer, must be 
inserted, the material expenditure is considerably loWer, and 
the production method is also simpler. 

The structures of the structured sections can be formed in 
the layer, in particular through the use of rolling With a cor 
rugated roller. A roller in Which only one half is embodied as 
a corrugated roller, is preferable in this case. In this Way, it is 
possible to produce a layer Which has smooth and corrugated 
sections. In this case, that part of the roller Which is not 
embodied as a corrugated roller can be provided in particular 
With a coating, for example a rubberized coating, through the 
use of Which deformation of the sections is prevented. It is 
also possible according to the invention, during the produc 
tion of the structured sections, to subject the layer to a rolling 
process With a corrugated roller Which is raised from the layer 
When a substantially smooth section is to be formed. 

In accordance With another mode of the method according 
to the invention, the sections are embodied in such a Way that 
the substantially smooth sections have at least one ?rst sec 
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4 
tion length and the structured sections have at least one sec 
ond section length Which differs from the ?rst section length. 
An embodiment in Which the substantially smooth sections 

substantially all receive an identical ?rst section length and 
the structured sections substantially all receive an identical 
second section length is preferable in this case. After the 
folding of the sections, the layer has a parallelogram-shaped 
cross section Which can, in particular, be con?gured in such a 
Way that an annular honeycomb body can be constructed 
Without turning or tWisting. It is preferable in this case for the 
?rst section length to be greater than the second section 
length, in particular by approximately 1 to 10%, preferably by 
approximately 3 to 7%, in particular by substantially 5%. 

In accordance With a further mode of the method according 
to the invention, the at least one layer is connected to an inner 
casing tube, With a relative rotation of the casing tubes With 
respect to one another taking place during production. 

In this case, it is possible in particular for the inner casing 
tube to be rotated relative to the outer casing tube or for an 
opposite rotation of the tWo casing tubes to take place at the 
same time and/or in succession. 

In accordance With an added mode of the method accord 
ing to the invention, the connection betWeen the at least one 
layer and the inner casing tube is detachable. 

In this case, a form-locking and/or force-locking connec 
tion can preferably take place betWeen the at least one layer 
and the inner casing tube. A method in Which the inner casing 
tube is inserted merely as a tWisting aid and is removed again 
after the tWisting process, that is to say for example a rotation 
of the inner casing tube relative to the outer casing tube, is 
therefore preferable. The removal of the inner casing tube 
takes place, in particular, after the formation of a materially 
joined connection betWeen the layers. A materially joined 
connection is to be understood herein in particular to mean a 
Welded and/or a braZed connection, preferably a high-tem 
perature braZed connection. 

In accordance With an additional mode of the method 
according to the invention, the inner casing tube is removed 
after the rotation. 

In accordance With yet another mode of the method accord 
ing to the invention, the sections of each layer are separated by 
fold lines, With every second fold line being situated on one 
side of the layer and With at least one of the latter fold lines 
including at least one fastening point. 
A fold line thus refers to the line along Which the layer has 

been folded. A fold line is consequently situated betWeen tWo 
adjacent sections. Every second fold line is situated on one 
side of the layer after carrying out the entire folding. In this 
case, the fold lines of the layer Which point outWard after the 
production of the honeycomb body are referred to as outer 
fold lines, While the fold lines of the layer Which point inWard 
after the production of the honeycomb body are referred to as 
inner fold lines. Each outer fold line is preferably fastened, in 
particular connected in a materially joined fashion, to the 
outer casing tube. It is also possible herein to use in particular 
braZing and/or Welding processes, preferably hard soldering 
processes. In this case, the connection can be formed in each 
case over the entire length of the honeycomb body or else only 
in partial regions or else only in a punctiform fashion at a 
fastening point. 

If an inner casing tube is formed permanently, that is to say 
in particular not only during the production process, it is also 
advantageously possible for a fastening of the at least one 
layer to the inner casing tube to be formed, in particular 
through the use of a material j oining connecting process, such 
as in particular a braZing and/ or Welding process, in particular 
a high-temperature braZing process. 
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In accordance With yet a further mode of the method 
according to the invention, the structures are formed in the 
layer in a substantially periodic manner, With the structures 
having a structure repeat length and the structure repeat 
length being increased at least at one point of the layer. 

The structure repeat length refers, in particular, to the spac 
ing of one point of a structure to a corresponding point in the 
adjacent structure. In the case of a strictly periodic structure, 
the structure repeat length Would correspond to the period of 
the structure. An increase in the structure repeat length can be 
obtained, in particular, in that one structure is elongated in 
terms of position in relation to other structures, or one struc 
ture is omitted. In particular, When the structured section is 
corrugated, it is possible for a part of a period or a period of the 
corrugation to be omitted. 

This advantageous embodiment can also be realiZed inde 
pendently of the method according to the invention. It is 
therefore advantageous to provide a method for producing an 
annular honeycomb body in Which at least one layer, Which is 
at least partially structured With structures having at least one 
structure repeat length, and if appropriate at least one sub 
stantially smooth layer, is Wound or tWisted in such a Way that 
an annular region With channels through Which a ?uid can 
How is formed, With at least tWo structure repeat lengths being 
different. An at least partially structured layer is to be under 
stood, in particular, to mean a layer Which is structured in 
partial regions and is not structured in partial regions, or else 
a construction composed of at least one structured and at least 
one substantially smooth layer. Winding or tWisting at least 
one such layer is to be understood in particular to mean spiral 
Winding of the layers or else stacking of at least one layer and 
subsequent tWisting, in the same direction or opposite direc 
tions, of at least one stack. The term “different structure 
repeat lengt ” is to be understood, in particular, to mean an 
embodiment of the method in Which, basically, a structure 
With a structure repeat length and a structure amplitude are 
formed in the layer, With either at least one structure, for 
example, being elongated, that is to say With a locally differ 
ent period being generated in the case of periodic structures, 
and/ or at least one point at Which the structure is not formed 
being generated. As a result of the latter, a gap is generated in 
the structures, that is to say basically that the period remains 
uniform in the case of periodic structures, but the structure 
repeat length changes as de?ned above. 

This method can thus be carried out, independently of the 
above-described method according to the invention, from one 
layer With folded sections. It is possible, in particular, for the 
method described herein to also be carried out With methods 
knoWn from the prior art for producing in particular, annular 
honeycomb bodies. 

The method described herein With the different structure 
repeat lengths additionally achieves a further object, that is to 
say that of proposing a method for producing a honeycomb 
body and a honeycomb body Which is, in particular, annular 
and Which is suitable for absorbing the pressure forces gen 
erated internally or externally under the action of thermal 
heating. 

The omitted and/or elongated structures advantageously 
make it possible for pressure forces in the honeycomb body to 
be compensated. In principle, the layer then acts as a type of 
pressure spring in Which the region of the omitted structure 
and/ or of the elongated structure can be deformed under 
pressure. The structure repeat lengths are preferably varied in 
such a Way that, after the shaping of the honeycomb body, 
each radius of the honeycomb body has at least one region 
With an elongated structure repeat length. This advanta 
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6 
geously permits a substantially radially uniform absorption of 
pressure stresses in the honeycomb body. 

In accordance With yet an added mode of the method 
according to the invention, alternatively and/ or in addition to 
the increased structure repeat length, at least one recess can be 
formed in at least one structured section. 
The recess is preferably aligned perpendicularly to the 

repeat direction of the structurings, that is to say preferably in 
the longitudinal direction of the honeycomb body. The recess 
is preferably a slot Which is formed in the layer. The slot can 
also advantageously serve for compensating the thermal 
expansion of the annular honeycomb body. The recesses are 
preferably formed in such a Way that, after the shaping of the 
honeycomb body, each radius of the honeycomb body has at 
least one region With an elongated structure repeat length 
and/or a recess. This advantageously permits a substantially 
radially uniform absorption of pressure stresses in the hon 
eycomb body. 
The at least one recess can be formed in the layer, in 

particular, through the use of punching, perforating and/or 
cutting. 

In accordance With yet an additional mode of the method 
according to the invention, recesses are formed in smooth and 
structured sections in such a Way that, after the folding, a 
coherent cavity is formed. 

It is possible, in particular, for a measuring sensor, prefer 
ably a lambda probe, to be inserted into the cavity. 

In accordance With still another mode of the method 
according to the invention, a structured section, Which delim 
its a layer, has a shorter construction than the other sections. 

In accordance With still a further mode of the method 
according to the invention, a fastening of the layer at the 
fastening points takes place through the use of a material 
joining process. 
A material joining process is to be understood, in particu 

lar, to mean a Welding and/or braZing process. A high-tem 
perature braZing process, Which generates a hard-soldered 
connection at high temperatures, is preferable in this case. A 
braZing process is preferably used Which ensures that the 
connection is durable at conventional temperatures in the 
exhaust system of internal combustion engines, in particular 
also in applications close to the engine. 

In accordance With still an added mode of the method 
according to the invention, at least one of the folloWing con 
nections is generated in a materially joined manner at least in 
partial regions of the honeycomb body: 

a) a connection of the layer to an inner casing tube; 
b) a connection of the layer to the outer casing tube; 
c) a connection of the layer to itself; and 
d) a connection of a layer to an adjacent layer. 
A connection according to item c) is to be understood in 

particular to mean a connection of one section to another 
section, preferably an adjacent section, in particular in partial 
regions of the respective sections. All of the connections 
according to items a), b), c) and d) can take place in partial 
regions of the layer or over the entire length of the layer. The 
connections according to items a) and b) can be formed not 
only in the region of the fold lines but can also be generated, 
for example, in the region of a substantially smooth and/or 
structured section Which bears at least in regions against the 
casing tube. In this case, the connection of the layer and the 
inner and/or outer casing tube in the region of structure 
extrema of the structured regions is preferable. The connec 
tion can take place in each case over the entire length of the 
honeycomb body or else only in one or more partial regions of 
the length. 
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In accordance With still an additional mode of the method 
according to the invention, at least a part of a layer is formed 
from a metallic foil. 

It is thus possible, in particular, for a thin sheet metal foil to 
be used. A construction in Which, in a longitudinal direction, 
Which corresponds to the through?oW direction of the hon 
eycomb body, one partial region is embodied as a foil and 
another partial region is embodied as a region through Which 
a ?uid can at least partially ?oW, is also preferable. 

In accordance With again another mode of the method 
according to the invention, at least a part of a layer is formed 
from a metallic material through Which a ?uid can at least 
partially ?oW. 

This is to be understood, in particular, to mean a porous 
metallic material, in particular a ?brous material and/or a 
porous metallic sintered material. 

With the objects of the invention in vieW, there is also 
provided a honeycomb body, comprising an outer casing 
tube, and at least one metallic layer fastened at least at one 
fastening point to the outer casing tube. The at least one 
metallic layer has alternating substantially smooth and struc 
tured sections folded onto one another. An annular radial 
partial region has channels through Which a ?uid can ?oW. 

In accordance With another feature of the invention, the 
individual sections have a substantially involute curvature. 

This is the case, in particular, When the outer casing tube 
and if appropriate the inner casing tube are substantially 
circular. The curvature of each individual section then folloWs 
substantially in particular an involute of a circle. The involute 
ofa circle can be expressed in an x, y plane as folloWs: 

xIa cos ¢+a¢ sin 4), yIa sin (P-atl) cos 4) 

In this case, the value a denotes the radius of the inner circle 
or of the inner casing tube. 

In accordance With a further feature of the invention, the 
smooth sections have at least one ?rst section length and the 
structured sections have at least one second section length 
Which differs from the ?rst section length. 

In accordance With an added feature of the invention, an 
inner casing tube is provided, to Which the at least one layer is 
connected at least in partial regions. 

In accordance With an additional feature of the invention, 
the sections of each layer are separated by fold lines, With 
every second fold line being situated on one side of the layer 
and With at least one of the latter fold lines being connected at 
least in partial regions to the outer casing tube. 
A substantially Zig-Zag-shaped folded layer is therefore 

provided Wherein, With the exception of the sections Which in 
each case delimit the layer, in each case a substantially 
smooth section is adjacent tWo structured sections and vice 
versa. 

In accordance With yet another feature of the invention, the 
structures of the structured sections have a structure repeat 
length, With the structure repeat length being increased at 
least at one point of a layer. 

The increase of a structure repeat length at least at one point 
of a layer creates a Zone in the honeycomb body Which can 
absorb pressure stresses. In that Zone, a deformation of the 
structure, Which is either structured differently or is not 
present in that region, is then possible. 

The feature that the structures of the structured sections 
have a structure repeat length, With the structure repeat length 
being increased at least at one point of a layer, can also be 
realiZed individually in any desired, in particular annular, 
honeycomb body including metallic layers. 

It is thus advantageous to form a honeycomb body Which 
includes metallic layers that are at least partially structured, 
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8 
With the structured sections having a structure repeat length, 
and the structure repeat length being increased at least at one 
point. 

This is preferably also suitable for an annular catalytic 
converter, Which has an involute construction, With an in 
particular circular-ring-shaped section With channels through 
Which a ?uid can ?oW. The term at least partially structured 
layers is to be understood to mean a construction in Which 
layers are formed that are partially structured or in Which a 
plurality of layers is used, of Which a part is structured and a 
part is substantially smooth. 

In accordance With yet a further feature of the invention, at 
least one structured section has at least one recess. 
The recess in a structured section and/or in a structured 

layer can also advantageously serve for absorbing pressure 
stresses in the event of inhomogeneous heating of the honey 
comb body. This feature can also advantageously be realiZed 
individually and can be provided as an alternative and/or in 
addition to a structure repeat length Which is increased at least 
at one point. 

In accordance With yet an added feature of the invention, 
smooth and structured sections have recesses Which form a 
coherent cavity. 
The cavity can serve, in particular, for holding a measuring 

sensor, in particular a lambda probe. 
In accordance With yet an additional feature of the inven 

tion, a materially joined connection is present in the fastening 
points or locations. 
A materially joined connection is to be understood herein, 

in particular, to mean the formation of a braZing and/or 
Welded connection, in particular a hard-soldered connection, 
at relatively high temperatures. 

In accordance With again another feature of the invention, 
at least one of the folloWing connections includes a materially 
joined connection: 

a) a connection of the layer to an inner casing tube; 
b) a connection of the layer to the outer casing tube; 
c) a connection of the layer to itself; and 
d) a connection of a layer to an adjacent layer. 
Each of the connections a), b), c) and/or d) can also take 

place in a partial region of a layer. In this case, too, a materi 
ally joined connection is to be understood in particular to 
mean the formation of a braZed and/or Welded connection. 
The connections according to items a) and b) can be formed 
not only in the region of the fold lines but can also be gener 
ated, for example, in the region of a substantially smooth 
and/or structured section Which bears at least in regions 
against the casing tube. The connection of the layer and the 
inner and/ or outer casing tube in the region of structure 
extrema of the structured regions is preferable in this case. 
The connection can take place in each case over the entire 
length of the honeycomb body or else only in one or more 
partial regions of the length. 

In accordance With again a further feature of the invention, 
at least a part of a layer includes a metallic foil. 

This is to be understood, in particular, to mean thin sheet 
metal foils With a thickness of 80 pm or less. 

In accordance With a concomitant feature of the invention, 
at least a part of a layer is formed from a metallic material 
through Which a ?uid can at least partially ?oW. 

These are, in particular, porous metallic materials. 
Examples of such materials are porous ?brous materials and/ 
or sintered materials. 
The details and advantages disclosed for the method 

according to the invention can be applied and transferred in 
the same Way to the honeycomb body according to the inven 
tion, and vice versa. The honeycomb body according to the 
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invention can, in particular, be produced in accordance With 
the method according to the invention. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a method for producing an annular honey 
comb body and an annular honeycomb body, it is nevertheless 
not intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
hoWever, together With additional objects and advantages 
thereof Will be best understood from the folloWing descrip 
tion of speci?c embodiments When read in connection With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a diagrammatic, side-elevational vieW of an 
example of a layer for a honeycomb body according to the 
invention; 

FIG. 2 is a side-elevational vieW of an already folded layer; 
FIG. 3 is a fragmentary, perspective vieW of a portion of a 

layer of a honeycomb body according to the invention; 
FIG. 4 is a cross-sectional vieW of a honeycomb body 

according to the invention; 
FIG. 5 is a fragmentary, longitudinal-sectional vieW of a 

portion of a honeycomb body according to the invention; 
FIG. 6 is an enlarged, fragmentary, longitudinal-sectional 

vieW of a portion of a further exemplary embodiment of a 
honeycomb body according to the invention; 

FIG. 7 is a fragmentary, perspective vieW of a portion of a 
further exemplary embodiment of a layer of a honeycomb 
body according to the invention; 

FIG. 8 is a side-elevational vieW of a layer With smooth and 
structured sections; 

FIG. 9 is a fragmentary, longitudinal-sectional vieW of a 
portion of a further exemplary embodiment of a honeycomb 
body according to the invention; 

FIG. 10 is a fragmentary, perspective vieW of a section of a 
further exemplary embodiment of a honeycomb body accord 
ing to the invention; and 

FIG. 11 is a diagram illustrating a de?nition of a contact 
angle. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring noW to the ?gures of the draWings in detail and 
?rst, particularly, to FIG. 1 thereof, there is seen a diagram 
matic illustration of a layer 1 Which can be used in a method 
according to the invention for producing a honeycomb body. 
The layer 1 has a plurality of alternating smooth sections 2 
and structured sections 3. The sections 2, 3 are in each case 
separated by fold lines 4. A fold takes place in each case in a 
fold direction as indicated by arroWs 5. This results in a folded 
layer as shoWn in FIG. 2. 
As a result of the folding of the layer 1, the sections 2, 3 of 

each layer 1 are separated by the fold lines 4. Every second 
fold line 4 is situated in each case on one side of the layer 1. 
The fold lines 4 situated on one side of the layer 1 make it 
possible to carry out a fastening to an inner and/ or outer 
casing tube. In this case, a connection takes place in at least 
one partial region of at least one part of the fold lines 4. 
Alternatively or in addition, the formation of a connection in 
the vicinity of the fold lines 4 is possible. 
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10 
The layer 1 has at least one fastening point 16 in Which one 

section 2, 3 is fastened to an adjacent section 3, 2 or to an outer 
casing tube 7 or an inner casing tube 8 shoWn in FIG. 4. It is 
possible, in particular, for the fastening point 16 to extend 
over at least one partial region of a crest 17 of a structuring 18. 
The formation of a materially joined connection, in particular 
a Welded and/ or hard-soldered connection, is preferable. 

FIG. 3 diagrammatically shoWs a portion of a layer 1 in a 
perspective vieW. The layer 1 has smooth sections 2 and 
corrugated sections 3 Which are separated by fold lines 4. The 
structured sections 3 and smooth sections 2 form channels 10, 
after the folding. A ?uid can ?oW through the channels. 

FIG. 4 diagrammatically shoWs a honeycomb body 6 
according to the invention in cross section. According to the 
invention, the honeycomb body 6 is constructed from six 
layers 1. The layers 1 are ?xed at least in partial regions to the 
outer casing tube 7 With a part of the corresponding fold lines 
4, and are ?xed at least in partial regions to the inner casing 
tube 8 With another part of the fold lines 4. In this case, it is 
preferable for a materially joined connection, such as for 
example a braZed and/or a Welded connection, preferably a 
hard-soldered connection, to be formed betWeen the outer 
casing tube 7 and the layers 1. Depending on the use of the 
honeycomb body 6, the connection betWeen the layers 1 and 
the inner casing tube 8 can have a materially joined and/or 
form-locking and/or force-locking construction. In this case, 
a detachable connection can preferably be formed betWeen 
the inner casing tube 8 and the layers 1, so that after the 
production of the honeycomb body 6, the inner casing tube 8 
can be separated from the honeycomb body 6. The production 
of the honeycomb body 6 preferably takes place through the 
use of the connection betWeen the layers 1 and the casing 
tubes 7, 8 and a subsequent relative rotation of the casing 
tubes 7, 8 With respect to one another. An embodiment of the 
method in Which the inner casing tube 8 is rotated relative to 
the outer casing tube 7 is particularly preferable in this case. 
This results in a honeycomb body 6 Which has a radial partial 
region 9 that includes channels 10 through Which a ?uid can 
?oW. 

In the present exemplary embodiment, the radial partial 
region 9 is a circular-ring-shaped radial partial region. Basi 
cally, according to the invention, this is an annular partial 
region 9 Which is de?ned in such a Way that the annular partial 
region 9 has channels 10, the partial region 9 is delimited at 
the outside and at the inside, and a region Which has basically 
no layers 1 and/or channels 10 is formed in the interior of the 
partial region 9. The lines Which delimit the partial region 9 at 
the inside and at the outside preferably run substantially par 
allel to one another. The invention is, hoWever, not restricted 
to a circular-ring-shaped honeycomb body 6. In the present 
exemplary embodiment, the region situated in the interior of 
the inner casing tube 8 is formed Without channels, although 
it is also possible for a further honeycomb body, With chan 
nels through Which a ?uid can ?oW, to be inserted in that 
region. The honeycomb body 6 is therefore composed of 
layers 1 having sections 2, 3 Which at least partially have 
substantially an involute curvature. 

FIG. 5 shoWs, by Way of example, a further embodiment of 
the present invention. This embodiment of the invention can 
be used not only in an annular honeycomb body 6, but in fact 
has a basic advantage Which can be used in any type of 
honeycomb body that is constructed from metallic layers. 
FIG. 5 diagrammatically shoWs a portion of an annular hon 
eycomb body With in?nite inner and outer radii. Only one 
layer is shoWn, and only a portion thereof, and fold lines 4 are 
not shoWn therein. Instead of a single layer 1 With substan 
tially smooth sections 2 and structured sections 3, it is also 
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possible for a plurality of substantially smooth layers and 
structured layers to be provided. The structured sections 3 
have a periodic structure Which generally has a structure 
repeat length 11. In the case of fully periodic structures, the 
structure repeat length 11 corresponds to the period of the 
periodic structure. The portion of a honeycomb body 6 
according to the invention Which is shoWn has points at Which 
there is an increased structure repeat length 12. As a result of 
that increased structure repeat length 12, the layer 1 can 
de?ect and deform in the regions With the increased structure 
repeat length. In this Way, the layer 1 can absorb pressure 
stresses. Pressure stresses of that type are generated, for 
example, as a result of a honeycomb body 6 heating up inho 
mogeneously. This can occur for example, in the case of use 
as a catalyst carrier body, due to a light-off temperature of the 
catalytic reaction being reached more quickly in partial 
regions of the honeycomb body 6 than in other regions. The 
regions in Which the catalytic conversion is already taking 
place then heat up considerably more intensely than the other 
regions, since the reactions Which are taking place are exo 
thermic. The pressure stresses Which are generated in this 
Way can lead to damage, in the case of conventional honey 
comb bodies 6 constructed from metallic layers, for example 
to cracks in the layers at the casing tube. That is prevented by 
the regions With the increased structure repeat lengths 12. 

The pressure stresses also occur, in particular, in annular 
honeycomb bodies 6. The layers 1 can, at least in partial 
regions, include a metallic foil and can also, in other partial 
regions, have material through Which a ?uid can at least 
partially ?oW. It is thus possible, in particular, for a honey 
comb body 6 to be produced Which, in the direction in Which 
a ?uid can ?oW through the channels 10, is formed ?rstly from 
a metallic foil and then from a layer through Which a ?uid can 
at least partially ?oW. The formation of the entire layer 1 from 
a metallic foil is also preferable. 
A fastening of the layer 1 to the outer casing tube 7 takes 

place at least at one fastening point 16. In this case, a fastening 
point 16 is also to be understood in particular to mean a linear 
fastening region Which includes at least one part of the crest 
17 of the structuring 18. 

FIG. 5 shoWs that the regions With increased structure 
repeat length 12 are distributed in such a Way that there is 
substantially no radius of the annular honeycomb body 6 
Which has none of the regions With increased structure repeat 
length 12. Pressure stresses Which occur can therefore be 
distributed in a uniform manner radially. 

The formation of regions With increased structure repeat 
length 12 can preferably take place in regions Which form 
edge regions of a layer 1, as shoWn by Way of example in FIG. 
6. It is preferably possible for one or more structures to be 
omitted in the edge region, so that after the production of the 
honeycomb body, When the latter is constructed from a ?rst 
layer 13 and a second layer 14, regions With increased struc 
ture repeat length 12 are formed in the edge regions of the 
layers 13,14. Due to the relative rotation of the inner casing 
tube 8 With respect to the outer casing tube 7, the regions With 
increased structure repeat length 12 are distributed over the 
cross section of the honeycomb body 6. A very effective 
absorption of pressure stresses is thus particularly advanta 
geously permitted. 

FIG. 7 diagrammatically shoWs a portion of a structured 
section 3 of a layer 1 or of a structured layer. The structured 
section 3 has tWo recesses 15 Which are formed in the section 
3. As a result of these recesses, the layer 1 is capable of 
deforming under pressure stresses Without damage occurring 
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12 
to the layer 1. The recesses 15 can be formed as an alternative 
or in addition to regions With increased structure repeat length 
12. 

FIG. 8 diagrammatically shoWs a portion of a layer 1 With 
smooth sections 2 and structured sections 3. In this case, the 
smooth sections 2 have a ?rst section length 19 and the 
structured sections 3 have a second section length 20. The ?rst 
and second section lengths 19, 20 are different. 

FIG. 9 diagrammatically shoWs a portion of a honeycomb 
body 6 according to the invention. The sections 2, 3 have 
recesses 15 Which form a coherent cavity 21. A measuring 
sensor 22, preferably a lambda probe, is inserted into the 
cavity 21. 
The exemplary embodiment of a honeycomb body 6 

according to FIG. 10 substantially corresponds to the exem 
plary embodiment of FIG. 5, With an inner casing tube 8 also 
being shoWn therein, against Which the layer 1 bears With the 
fold lines 4. In this case, the smooth sections 2 form a contact 
angle 23 With the inner casing tube 8. The contact angle 23 is, 
in particular, betWeen 90 and 1 10°. The contact angle 23 is in 
particular de?ned, as can be seen from FIG. 11, as the angle 
betWeen a ?rst tangent 24 of a smooth section 2 in the region 
of the fold line 4 or in the region of contact against the inner 
casing tube 8, and a second tangent 25 of the inner casing tube 
4 at that point. 
An embodiment is also preferable in Which, When the 

honeycomb body 6 is formed from a single layer 1 Which has 
N smooth sections 2 and an identical number N of structured 
sections 3, the folloWing equation is substantially satis?ed: 

In this case, L is the length of the smooth section 2, N is the 
number of smooth sections 2, W is the corrugation height, T 
is the foil thickness, D is the inner diameter of the outer casing 
tube 7 and/or the outer diameter of the honeycomb body 6, 
and d is the inner diameter of the honeycomb body 6 and/ or 
the outer diameter of the inner casing tube 8. 

In an embodiment Which is alternatively and/or addition 
ally preferable, in Which the honeycomb body 6 is con 
structed from a single layer 1, and there is a number N of 
smooth sections 2 and structured sections 3, the folloWing 
equation is satis?ed: 

Where the variables N, W, T, D and d are as de?ned above. 
The method according to the invention for producing a 

honeycomb body 6 and the honeycomb body 6 according to 
the invention, advantageously permit the provision of an 
annular honeycomb body 6 With loW material expenditure 
and good durability. 

The invention claimed is: 
1. A honeycomb body, comprising: 
an outer casing tube; 
one single metallic layer fastened at least at one fastening 

point to said outer casing tube, said metallic layer having 
substantially smooth and structured sections separated 
from each other by fold lines and folded onto one 
another, said substantially smooth sections betWeen said 
fold lines having at least one ?rst section length, said 
structured sections betWeen said fold lines having at 
least one second section length differing from said ?rst 
section length, said sections each having a substantially 
involute curvature; and 

an annular radial partial region With channels through 
Which a ?uid can ?oW. 
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2. The honeycomb body according to claim 1, Which fur 
ther comprises an inner casing tube to Which said metallic 
layer is connected at least in partial regions. 

3. The honeycomb body according to claim 1, Wherein said 
sections of said metallic layer are separated by fold lines, 
every second fold line is situated on one side of said metallic 
layer and at least one of said fold lines situated on said one 
side of said metallic layer is connected at least in partial 
regions to said outer casing tube. 

4. The honeycomb body according to claim 1, Wherein said 
structured sections have structures With a structure repeat 
length, and said structure repeat length is increased at least at 
one point of said metallic layer. 

5. The honeycomb body according to claim 1, Wherein at 
least one structured section has at least one recess. 

6. The honeycomb body according to claim 5, Wherein said 
smooth and structured sections have recesses forming a 
coherent cavity. 

7. The honeycomb body according to claim 1, Which fur 
ther comprises a materially joined connection at said at least 
one fastening point. 

8. The honeycomb body according to claim 1, Which fur 
ther comprises at least one of the folloWing connections 
including a materially joined connection: 

a) a connection of said metallic layer to an inner casing 
tube; 

b) a connection of said metallic layer to said outer casing 
tube; 

c) a connection of said metallic layer to itself; and 
d) a connection of a layer to an adjacent layer of said 

metallic layer. 
9. The honeycomb body according to claim 1, Wherein said 

structured sections have only one structure amplitude. 
10. The honeycomb body according to claim 1, Wherein 

said metallic layer, With said fold lines separating said sec 
tions from each other, has a parallelogram-shaped cross sec 
tion. 

11 . A method for producing a honeycomb body, the method 
comprising the folloWing steps: 

providing one single metallic layer With substantially 
smooth and structured sections separated from each 
other by fold lines; 

providing the substantially smooth sections betWeen the 
fold lines With at least one ?rst section length and pro 
viding the structured sections betWeen the fold lines 
With at least one second section length differing from the 
?rst section length; 
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providing each of the sections With a substantially involute 

curvature; 
folding the sections of the metallic layer onto one another; 
fastening the metallic layer at least at one fastening point to 

an outer casing tube; and 
forming the honeycomb body from the metallic layer With 

an annular radial partial region having channels through 
Which a ?uid can How. 

12. The method according to claim 11, Which further com 
prises connecting the layer to an inner casing tube, and rotat 
ing the casing tubes relative to one another during production. 

13. The method according to claim 12, Wherein the con 
nection betWeen the layer and the inner casing tube is detach 
able. 

14. The method according to claim 13, Which further com 
prises removing the inner casing tube after the rotating step. 

15. The method according to claim 11, Which further com 
prises separating the sections of the layer by fold lines, With 
every second fold line being situated on one side of the layer 
and at least one of the fold lines situated on the one side of the 
layer including at least one fastening point. 

16. The method according to claim 11, Which further com 
prises forming the structures in the layer in a substantially 
periodic manner, With the structures having a structure repeat 
length, and With the structure repeat length being increased at 
least at one point of the layer. 

17. The method according to claim 11, Which further com 
prises forrning at least one recess in at least one structured 
section. 

18. The method according to claim 17, Which further com 
prises forrning recesses in the smooth and structured sections 
to provide a coherent cavity after the folding. 

19. The method according to claim 11, Which further com 
prises delimiting the layer With a structured section being 
shorter than other sections. 

20. The method according to claim 11, Which further com 
prises fastening the layer at the at least one fastening point by 
a material joining process. 

21. The method according to claim 11, Which further com 
prises generating at least one of the folloWing connections in 
a materially joined manner at least in partial regions of the 
honeycomb body: 

a) a connection of the layer to an inner casing tube; 
b) a connection of the layer to the outer casing tube; 
c) a connection of the layer to itself; and 
d) a connection of a layer to an adjacent layer of the layer. 

* * * * * 


